In nine patients with coronary artery disease, cardiac output distribution was evaluated at rest and during exercise by measurement of cardiac output and regional blood flow parameters (hepatic and muscle blood flow). In seven patients repeated values were obtained after a physical training program of 4 to 10 weeks' duration. After training, cardiac output was reduced at moderate work loads (13.1%) causing a change of the relation between oxygen uptake and cardiac output from hyperkinetic to normal. During heavy exercise the cardiac output was increased (5.5%) after training. Similar changes were observed in muscle blood flow, which was reduced at submaximal loads (14.9%) and increased at maximal (8.6%). Hepatic blood flow showed in contrast a less pronounced reduction at both work loads after training (difference, 7.2%). These effects of training could be explained as peripheral regulatory alterations without implying primary improvement in myocardial performance. They are consistent with the view that local changes in the trained muscles are important for the reduction in myocardial pressure-work caused by physical conditioning.
REVIOUS investigations have suggested that the immediate beneficial effects of physical conditioning on symptoms related to chronic coronary artery disease (CAD) could be explained by hemodynamic alterations which reduce myocardial pressure work. '-3 The finding of a more hypokinetic circulation at a given submaximal work load after training' indicated that redistribution of cardiac output might be of importance for this economizing effect on the heart. The mechanism responsible for the observed reduction in cardiac output was, however, unclear. Some investigators ascribed such decrement to a more effective sympathetic vasoconstriction in the "nonworking" tissues favoring the blood supply to the working muscles.1 4 5 This assumption disagrees, however, with the observation that the perfusion of abdominal viscera is less reduced during exercise in trained subjects as compared to untrained. 6' 7 In a previous study we observed that muscle blood flow during exercise was reduced after training.3 Hence we suggested that the reduction in cardiac output after training may be secondary to the reduced flow in the working muscles. In the present investigation the effect of training on the distribution of cardiac output to working as well as "nonworking" tissues was studied. Muscle blood flow and hepatic blood flow were measured in patients with CAD before and after a physical conditioning program. Ventilation, oxygen consumption, and carbon dioxide elimination were determined as earlier described. 3 The muscle blood flow (MBF) during exercise was measured in both vasti laterales by the 133xenon local clearance technic. 3 12 In each test the outwash from two to four individually intramuscularly injected 133Xe depots was followed by the same number of light weight *Farbwerke Hoechst, Frankfurt, Germany. O X Y G E N U PTA K E Figure 1 Heart rate in relation to oxygen uptake at supine rest and during upright exercise at two work loads. Individual data before and after training and group means before Cardiac output in relation to oxygen uptake at supine rest and during upright exercise at two work loads. Individual data before and after training and group means before ( output was determined at two exercise levels. All had higher heart rates and oxygen uptakes at the heavy submaximal work load compared to the moderate, but a concomitant increase in cardiac output occurred in only two (G.J. and V.B.). In accordance, the group mean stroke volume, which was greater during moderate submaximal work than at rest supine, decreased significantly on transition to the heavy work load (diff. 20 ml, P < 0.013) ( fig. 3 ). After training, the stroke volume at rest supine increased 12.5%, corresponding to the reduction in heart rate while the cardiac output was essentially unchanged. The training caused marked alterations of the circulatory regulation pattern during exercise in the six patients who worked at two loads both before and after training. The relation between cardiac output and oxygen uptake was changed from hyperkinetic to normal due to a significant decrease of cardiac output at the moderate load and a minor insignificant increase at the heavy load ( fig. 2) . The group mean stroke volume was not altered at the moderate work load ( fig. 3 ) and thus the reduction of cardiac output at this work level Circulation, Volume XLHI, October 1970 was explained solely by the lower heart rate. In contrast a significant increase of the stroke volume was seen after training at the heavy work load, where the cardiac output was higher despite a lower heart rate.
Following training the systolic arterial blood pressure (table 3) (fig. 6 ). This plateauing of MBF before maximal work load is reached was observed both before and after training. However, the training displaced the curve relating blood flow to the absolute work load to the right ( fig. 6 ). Thus MBF was reduced at two submaximal work levels while MBF was increased at maximal work loads (table 4) .
Blood lactate concentration increased less at both work levels after training (table 3) . The respiratory quotient (RQ) at rest was 0.68 before and after training. RQ during exercise was reduced after training from 0.82 to 0.78 (P < 0.05) and from 0.91 to 0.82 (P < 0.01) at the moderate and heavy work loads, respectively.
Other Measurements
The mean hemoglobin concentration was 15.4 g/100 ml (SD, 2.4 g/100 ml) and was not altered by the training. Mean arterial oxygen saturation was 94% at rest and 97% during exercise both before and after training. In the estimation of HBF during exercise
we were obliged to rely on the assumption that the oxygen uptake in the splanchnic area Figure 5 and the liver is not changed on transition from blood flow (HBF) as a percent of the value rest to exercise, an assumption which finds rroup means ± SEM at supine rest and during support in the literature. of hepatic and renal blo od flow during exercise is proportional to the relative work load. 6' 7 The hepatic flow and the renal flow during exercise are controlled by the sympathetic vasoconstrictor system. It is assumed that the vasoconstrictor system during exercise acts en masse. 18 The results obtained in studies of blood flow to the abdominal viscera are therefore probably valid also for other "nonworking" tissues supplied with sympathetic vasoconstrictor nerves. It can thus be expected that at a given submaximal work load after training a greater fraction of the cardiac output is directed to these regions.
The skeletal muscles performed the same submaximal work with a lower blood flow after training. In the present study this reduction (15%) was somewhat lower than that found in the previous investigation (21% ) .3 Varnauskas and co-workers'9 reported an even greater decrement of 30% in fig. 2 and fig. 6 ). The 115 beats/min (work load, 300 kpm). This preliminary result seems to confirm the above conclusion that peripheral factors are important for the reduction in heart rate found after short-term physical training.
tThe justification of using peripheral blood pressure tracings for evaluation of left ventricular work has previously been discussed. 3 the trained muscles which are essential to the general circulatory regulation. When emphasizing the importance of local training effects in skeletal muscle we are in agreement with the results recently presented by Kaijser.26 In an extensive study of the limiting factors for aerobic muscle performance in normal man, he concluded that the upper limit normally is determined by the maximal metabolic rate of the muscles and not by cardiac output or the local perfusion. The assumption that the training effect on cardiac performance in patients with CAD is to a large extent restricted to exercise performed with the trained muscles has important implications for the planning of training programs for these patients. To 
